ABSTRACT Blood samples were obtained from a population of refinery workers representing different age groups. Sixty six men with low average exposure to benzene and 33 male controls were investigated. An examination of cell cycle kinetics and sister chromatid exchange was carried out on control and exposed individuals. No significant differences were found between groups of individuals varying in their drinking and smoking habits or their exposure to diagnostic x rays. Individuals with the lowest and highest phenol values were examined for urine mutagenicity, with urinary phenol used here as an indicator of benzene exposure. There was no difference in the number of revertant colonies in strains TA98 and 100 between the high and low urinary phenol groups. There were also no differences in any of the biochemical measures or haematological parameters investigated in all the individuals except that higher values for mean corpuscular volume were found in exposed than in control individuals. These values, however, were within the normal clinical range.
The consequences ofexposure to low levels of benzene at or below the current TLV (10 ppm time weighted average (TWA) ) remains controversial and has been the subject of many epidemiology, cancer, and cytogenetic studies.' Furthermore, the mechanism by which benzene exerts its toxicity on the haemopoietic system continues to be the subject of research and speculation and has recently been reviewed by Irons' and Latriano et al, 6 the latter suggesting the important role of a minor pathway in the toxic effects.
Many studies have used the technique of sister chromatid exchange (SCE), which is known to be a sensitive index of genotoxic damage from xenobiotics, to show the effect of benzene at various dose levels.
Erexson et al exposed human lymphocytes to a number of known and suspected benzene metabolites in vitro and found dose dependent increases in SCE, decreases in mitotic indices, and inhibition ofcell cycle kinetics.7 In addition they showed increases in SCE in blood lymphocytes of mice after inhalation studies at 10, 100, and 1000 ppm benzene for six hours.8 Studies by Tice et al also showed increases in SCE frequency in Accepted 12 October 1987 mice after exposure to benzene. 9 Styles and Richardson showed dose related increases in SCE in rats at levels of 1, 10, 100, 1000 ppm after a six hour exposure regimen.'" Watanabe et al were unable to show any increase in SCE in the peripheral lymphocytes ofworkers exposed to a maximum of 40 ppm for between one and 20 years." Sarto et al examined peripheral blood lymphocytes from 22 individuals.'2 Exposures ranged from 0-2-12-4 ppm TWA but were probably higher some years previously. Other possible confounding variables were taken into consideration. No significant increase in SCE was observed between the exposed group and paired controls, but a comparison of the high and low exposure groups suggested a correlation between the levels of exposure to benzene and the presence of SCE, confirming similar observations made byWatanabe et al." Clare et alin the study of 10 workers after a single acute high exposure to benzene found a non-significant increase in SCE values, although the study was conducted three months after the incident and the numbers were small. '3 As part of a larger study, the present communication investigates the incidence of SCE, cell cycle kinetics, and urine mutagenicity in a group of workers occupationally exposed to low levels of benzene.
Genotoxic effects in peripheral blood and urine of workers exposed to low level benzene Materials and methods collected at weekly intervals in batches ofeight over 13 weeks. Table 2 shows the numbers of individuals WORKERS ANALYSED categorised by age, tobacco smoking, and alcohol Blood samples were obtained from workers represent-consumption. ing different age groups within a refinery population. Sixty six men with low average exposure to benzene HAEMATOLOGY AND BIOCHEMISTRY PROFILES and 33 male controls were investigated. The 66 men The haematology values, including mean corpuscular worked in jobs where benzene or material containing volume and haemoglobin, were obtained using a benzene was handled and all had been potentially Coulter counter Z56 system. Serum biochemistry exposed to benzene for periods in excess of five years. values were obtained using standard Boehringer Three main work areas were identified: shipping, oil reagents on a Hitachi 705. movements, and aromatics production. Exposures in the present study were assumed to be ofthe same order URINARY PHENOL as those of previous personal and workplace air Urine samples were collected early in the morning. The samples taken from individuals in similar jobs collec-urine was processed as described elsewhere"4 and ted over a period of years. The latter data are classified analysed by GLC and flame ionisation (Hewlett in table 1, according to shift average (TWA) and level Packard GLC 5703A). The results were then (time unspecified). The controls were selected from the standardised to a urine specific gravity of 1024. refinery population based on evidence of presumed non-exposure to known genotoxic agents. A detailed SAMPLE COLLECTION AND CELL GROWTH questionnaire on health status and social habits was Blood was collected by venepuncture during the early compiled for each individual. The blood samples were morning. Haematology smears were prepared Non-smoker, smoked only occasionally; ex-smoker, stopped three or more months ago; current smoker, one or more cigarettes, cigars, or pipes a day. Yardley-Jones, Anderson, Jenkinson, Lovell, Blowers, Davies immediately. Blood for cell counts was placed in 1 ml sequestrene tubes. Blood for lymphocyte culture was heparinised with 50 IU ml sodium heparin and kept at room temperature.
The next morning, duplicate, 0-8 ml volumes of blood were washed in 10 ml of Eagle's minimal essential medium (Gibco). Centrifuged cell pellets, about 0 5 ml, were suspended in 9 5 ml of medium supplemented with 50 IU penicillin and 50 pg streptomycin per ml (Gibco) and 15% v/v heat inactivated fetal calf serum (Sera Lab, Crawley, Sussex). A 0 1 ml volume of reconstituted reagent grade phytohaemagglutinin (PHA-R, Wellcome) and 0 05 ml of 5 mM bromodeoxyuridine (Sigma) to give 25 pM were added per culture. All reagents used were from the same batches purchased before the start of the study except that at week 5 Urine was collected in the early morning from the individuals and stored at -20°C initially. The urine samples were thawed at room temperature and centrifuged at 1000 g for 10 minutes to remove debris. The resultant supernatants were sterilised by filtration through a 0 45 micro m "Acrodisc" (Gelman Science). 19 subjects. No significant differences were found in the analysis of variance between groups of individuals differing in their drinking, smoking habits or their exposure to diagnostic x rays. There was, however, a significant difference in PRI between the 31 control and 49 exposed individuals (1 90 v 1 74; p < 0-01) when all 13 batches of individuals were analysed. Significant (p < 0-001) differences were also seen in the mean PRI values between the two sets of batches with mean PRI values ranging from 1 38 to 1-85 in batches 1-4 and 1 51 to 2-19 in batches 5-13. There was no significant difference, however, between exposed and control individuals within the two sets of batches.
Stepwise multiple linear regression analysis suggested that there was a slight effect of age on PRI (with a decrease in the PRI score of 0-0075 with each increasing year of age).
HAEMATOLOGY
No differences were detected in any of the biochemical parameters investigated. This was also the case for the (ii) Effect of phenol exposure X, + X2 = X3 + X4 not significant. loo-*needed to detect a 2 SCE difference under the same 4. assumption. workers."8 For the PRI data, there were unfortunately fewer controls to analyse by comparison with exposed values in batches 1-4 and this excess of low values of PRI in exposed workers could bias the data. For SCE in batches 1-4, of those samples that were analysable, control and exposed were more evenly distributed. It would appear that there are no real differences between exposed and control workers either for PRI or SCE values.
The haematological and biochemical parameters showed no differences between exposed and control groups. The statistical analysis of the mean corpuscular volume data, however, showed a small but significant difference between the exposed and control groups. Although differences in mean corpuscular volume have been described as an indication of marrow toxicity in alcohol and benzene poisoning,'9-2' the absolute values observed in the present study are within the normal clinical range (76-96 fL).
The Ames test data on selected samples showed no differences in the mutagenicity of the urine samples from high and low phenol groups. There was a significant difference, however, in revertants induced in strain TA98 for samples from smokers by comparison with non-smokers; this has previously been described in strain TA98 and not in TA100. 22 There was also an increase in revertants with age in smokers and non-smokers in both groups in strain TA98, which is an interesting observation. No correlation was found between urinary phenol and revertants in either strain. This is not surprising, however, owing to the relatively low levels of phenol in urine which are assumed to result from low exposure to benzene.
In conclusion, the study would suggest that at the levels of exposure of benzene experienced by the workforce at the time of, and a short time before, the study there were no effects on haematological/ biochemical parameters, PRI, SCE, and urine mutagenicity.
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